On the Innervation of the Testicle and Epididymis of 7-8 Month Human Fetus. (Received October 15, 1957.) In 1939, YAMASHITA made studies on the innervation of the testis and the epididymis of human adults and obtained very many reliable informations. Of course we must not forget that many authors from a long past have made studies on the same subject, using non-human mammalian materials, including LETZTE-RICH (1868), RETZIUS (1893) More recently, GRAY (1947) has written on the intrinsic nerves of the testis, but judging from his photographic studies, he seems to have failed in using adequately reliable staining method. The latest study on the finer innervation of the testicle, especially, the nerve distribution of the interstitial tissue, by PETERS (1956) alone seems to be fraught with highly dependable results, but to my regret, I have not yet had the opportunity of seeing the original report.
As cited above, the studies in the past on the innervation of the testicle and the epididymis is limited to the vegetative side in almost all the cases, very few of them ever touching on the sensory fibres and their terminations. In Japan, there have been the study by MURAKAMI and KAWAHARA (1952) , but I regret this study seems to be not very reliable. VACEK (1955) has found branched terminations formed by considerably thick fibres in the interstitial connective tissue of the human testis, but speaks nothing in defining their nature.
Only OTSUJI (1955) succeeded in definitely demonstrating the existence of sensory fibres and their terminations degenerated by experimental recision of nerves in the testis of dog.
In connection of this problem, the author of this paper was given the opportunity of following up the development of nerve fibres, especially, the sensory fibres, in the fetal stage. Taking my materials from human fetus of 7-8 month, I fixed them in 10% neutral formol for a long time, cut them into sagittal serial sections and stained them with SETO's impregnation method used in common at this laboratory. The large series of histological preparations I subjected to minute examination, on the results of which I will report in the following.
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Findings.
The vegetative nerve fibres supplied to the testicle and the epidydimis come through the plexus coeliacus, the plexus aorticus abdominalis, the plexus renalis and the plexus hypogastricus into the funiculus spermaticus, to form the plexus spermaticus, and run thence peripheralwards in company with vasa spermatica. Besides, the plexus deferentialis running along the vasa deferentialis also participates in the innervation of the epididymis in particular. The plexus hypogastricus is supplied with nerve branches from the nn. sacrales, so the sensory fibres distributed in the testicle and the epididymis may be taken to originate in these rami. According to the recent experimental study by OTSUJI on canine specimens, the sensory fibres found in the testis originate, beside in the scaral cord, also in the thoracolumbar cord. If some thoracolumbar sensory fibres are to be found here, it may be that they come in through the n. ilioinguinalis and the n, genitalfemoralis. The running courses of the plexus spermaticus and the plexus deferentialis into the testicle and epididymis are somewhat different from those reported by YAMASHITA and others, according to what I have obseved. These authors have asserted that nerve elements making up the two nerve plexus in the question enter the corpus epididymidis through the lower end of the cauda epididymidis to form the plexus epididymidis therein and then through the caput epididymidis into the mediastinum testis. In my study, I found that there occurs little nervous anastomosis between the plexus spermaticus and the plexus deferentialis and the two plexuses seemingly run different courses, namely, the former runs alongside with the plexus pampiniformis and the latter with the vasa deferentialis. The Plexus deferentialis in company with the vasa deferentialis runs into the cauda epididymidis encircling the ductus deferens and thence into the corpus epididymidis. For example, Fig. 1 shows some nerve elements of the plexus ductus epididymidis formed by transformation of the plexus deferentialis located in the vasa epididymidis representing an extension of the vasa deferentialis.
On the other hand, the plexus spermaticus sends out nerve elements into the venous plexus coming from the caput epididymidis and the mediastinum testis, i.e., the plexus pampiniformis.
Thus the plexus spermaticus always runs along the plexus pampiniformis. As exemplified in Fig. 2 , the plexus mediastinalis testis derived from the plexus spermaticus is formed in the plexus pampiniformis found around the rote testis. The nerve elements of the plexus mostly run into the tunica vasculosa formed between the tunica albuginea and the parenchyma testis, particularly in conspicuous formation in the latter stage of fetal life (Fig. 3) , then through the septula testis into the interstitial connective tissue of the lobuli testis to spread out therein (Fig. 5) . A part of the nerve fibres from the plexus mediastinalis testis, however, run directly through the rete testis and thence into the parenchyma testis.
Comparatively simple mutual transition of vegetative fibres but no complex ramification and anastomosis takes place between the plexus spermaticus and the plexus deferetialis. Sensory fibres are rather often found in the plexus spermaticus, but in the plexus deferentialis very few or none of them are to be found. Accor- . These reticula themselves never end freely, but going on ramifying and mutually anastomosing, show no ending in their net-wise development. The terminal reticula here in the cauda epididymidis spread to the smooth muscle wall of the ductus epididymidis and come into control by contract over the muscle cells. As may be seen from the figure, the vegetative fibres and their terminal net-works are notably well developed around the ductus epididymidis where the musecle layer around it is in good development too, but in the corpus of the epididymis where the muscle layer is thinner, the development of the terminal reticula is far poorer than in the cauda.
In the ductuli efferentes forming the caput epididymidis, as shown above, small nesve bundles originating in the plexus spermaticus are found forming by repeated ramification and anastomosis the diminutive plexus ductuli efferentis, which is far poorer in development than the plexus ductus epididymis, befitting the much weaker development here of muscle layer than in the ductus epididymidis.
In this part too, the vegetative fibres pass over through preterminal fibres into STOHR's terminal reticula. These reticula are fomed within the connective tissue containing a small number of smooth muscle fibres surrounding the ductuli and spread out in relation with the blood vessels and the ductuli in this part. They come into contact with the basal surface of the epithelial cells of the ductuli but never enter their cell bodies.
The terminations of the vegetative nerve fibres coming into the interstitial connective tissue of the testicle, as illustrated in Fig. 9 , end in clear-cut STOHR's terminal reticula as ever as in human adults (YAMASHITA), but in later fetal stage, their development is as yet incomparably lower than in adults. Formerly, PINES and MAIMAN suggested that the LEYDIG's interstitial cells are supplied with specific nerves which form specific free terminations in this area, but neither YAMASHIT A nor the present author could ever obtain any such a finding, but we found the vegetative fibres standing in close control over the LEYDIG's cells too through their terminal reticula. According to STOHR, his disciple PETERS has found a terminal reticulum running through the membrana propria of a tubules contortus into the tube itself, but I could find only some terminal reticula that came into contact with the membrane propria, but none that penetrated further into the tubuli. It was YAMASHITA that has for the first time reported on the existence of sensory fibres and their terminations in the testicle, by demonstrating formation of unbranched and simple branched terminations in the rete testis and the tunica vaginalis propriae testis of the caput epididymidis.
OTSUJI also recently found similar sensory terminations in the rete testis of dog and has experimentally demonstrated that these sensory fibres originate in the sacral and the lumbar cords.
As cited above, in my study I could find scarcely any sensory fibres in the plexus deferentialis, but in the plexus spermaticus a small number of thick myelinated fibres are found among the cluster of the fine vegetative fibres forming the plexus spermaticus.
These sensory fibres probably originate in the spinal ganglia belonging to the sacral cord. They form their terminations in the caput epididymidis and the testicle, in particular in the rete testis in the mediastinum testis, the areas where the plexus spermaticus is distributed.
Of the sensory fibres enumerated above, those running toward the mediastinum testis seem to be somewhat more numerous than those passing into the caput epididymidis.
The former, on coming into the rete testis, part from vegetative fibres and run into the connective tissue around the rete testis or between its ducts, and then end in unbranched terminations or simple branched terminations with 2-3 rami. The terminal fibres of these terminations, in the fetal stage already, often show frequent change in size and usually end in sharp points. In some cases, they are found to run into the one-rowed epithelium of the rete testis, to form the socalled intraepithelial fibres.
In Fig. 10 we see a sensory fibre of considerable thickness running a nearly straight course while showing a mild change in size through the connective tissue lining the rete testis into the epithelium and after a rather lengthy course, ending sharply as an intraepithelial fibre. In Fig. 11 is shown a bifurcated intraepithelial fibre formed by a similar sensory fibre dividing into two rami immediately upon entering the epithelium of the rete testis. Of the two rami, one is here cut short midway and we cannot tell how it ends, but the other, after running a slightly winding course, ends in a sharp point. A simple branched termination with 4 rami found in the connective tissue lining the rete testis is illustrated in. Fig. 12 . The stem fibre here is considerably thick, and the terminal fibres run wavy courses while slowly losing in size and end sharply. No intraepithelial fibre is formed here.
Thus, a comparatively large number of sensory fibres run into the rete testis, ending in unbranched and branched terminations near the rete testis or in the epithelium. Such a situation also prevails in the rete testis of human adults, so that it may be assumed that the terminal mode of the sensory fibres in this part does Summary.
The innervation of the testicle and the caput epididymidis originate in the plexus spermaticus and that of the corpus and the cauda epididymidis in the plexus deferentialis. Between the two kinds of plexus only slight anastomosis is to be observed.
The plexus deferentialis is formed in the vasa deferentialis, spreads to the cauda epididymidis and thence into the corpus epididymidis and turns into the plexus ductus epididymidis. The plexus spermaticus runs through the plexus pampiniformis and thence spreads into the caput epididymis and the testicle. In the former part it forms the plexus ductuli efferentis, but in the latter, it passes first over into the plexus mediastinalis testis and the largest part of its nerve elements runs thence into the tunica vasculosa and finally spread out into the interstitial connective tissue through the septula testis. A small part of the nerve fibres of the plexus mediastinalis testis, however, run through the rete testis into the parenchyma testis.
The plexus ductus epididymidis is very well developed already in the later fetal stage and comes into frequent anastomosis with the perivascular plexus running along the blood vessels. The vegetative fibres always develop into preterminal fibres and thence into STOHR's terminal reticula, which come into control by contact over the smooth muscle cells. The development of the vegetative fibres is particularly powerful in the cauda epididymidis where the muscle layer of the ductus is well developed.
The plexus ductuli efferentis is far poorer in development than the plexus ductus epididymidis, due to the poor development of the muscle fibres in this part. The vegetative fibres here too end in STOHR's terminal reticula, which run as far as into the membrana propria but not further in the epithelial cells of the ductuli.
STOHR's terminal reticula are formed in the interstitial connective tissue of the testicle too, but in the fetal stage, they are far poorer in development than in human adults. The terminal reticula here stand in control by contact over the LEYDIG's cells.
A small number of sensory fibres are found in the plexus spermaticus. These probably originate in the branches of the nn. sacrales running into the plexus hypogastricus.
The sensory terminations found in the testicle and the epididymis, being originated in the sensory fibres running in the plexus spermaticus, are present in the testicle and the caput epididymidis, but scarcely in the corpus and the cauda epididymidis. The sensory fibres running toward the mediastinum testis seem to be somewhat more numerous than those directed toward the caput epididymidis. The former part from the vegetative fibres upon reaching the rete testis, run through the connective tissue lining the rete or between its ducts and end in unbranched and simple branched terminations. Their terminal fibres show frequent change in size and usually end in sharp points. Often they penetrate into the one-rowed epithelium of the rete and end as intraepithelial fibres.
T. SATO:
The above findings are not much different from those obtained in adult human specimens by YAMASHITA.
Thus, the sensory terminations in these parts seem to reach nearly complete formation in the fetal stage. Not rarely are found sensory fibres running further beyond the rete testis into the tunica albuginea and forming their terminations there. In the parenchyma testis, however, no sensory termination has been found.
In the corpus and the cauda epididymidis no sensory termination has been adequately ascertained, but in the caput epididymidis may be seen some unbranched and simple branched terminations similar to those found in the rete located in the interstitial connective tissue of the ductuli efferentes. But here no intraepithelial fibres as found in the rete testis are observed. Beside the above, there are some unbranched and simple branched terminations ending subepithelially in the visceral plate of the tunica vaginalis propria testis in the caput epididymidis. Their stem fibres, however, are thinner than of those in the ductuli.
The physiological function of the sensory terminations in the rete testis and the ductuli testis seems to lie in receiving the sensation of accumulation of gonadic secretion and thus their significance in close connection with sexual appetite must be deemed as very high. The sensory terminations found in the tunica vaginalis propria testis of the caput epididymidis probably receive sensitively external pressure felt by the testicle and the epididymis.
